viscous fibers such as ␤-glucan, is associated with lowering of blood cholesterol levels and normalizing blood 
D
ietary fiber is an important quality parameter for total dietary fiber (AOAC, 1992) , which, by definition, barley cultivars. High fiber content is undesirable includes plant nonstarch polysaccharides, oligosacchain cultivars used for brewing and animal feed and desirrides, fructans, resistant starch, and lignin (AACC, 2001 ). able in barley cultivars used for food production. The This is in contrast to crude fiber, acid detergent fiber, primary use of barley is for production of malt or germiand neutral detergent fiber methods, which do not meanated barley used as a source of fermentable sugars for sure all of the individual components (Dreher, 1987) . the production of beer and whiskey. Other uses include
Conventional dietary fiber analysis is extremely time feed for animals in northern climates where corn (Zea consuming and labor intensive. The procedures used for mays L.) cannot be grown, as a staple for human food, total, soluble, and insoluble dietary fiber are enzymaticand for the production of waxy starch used in food gravimetric methods or enzymatic chromatographic methprocessing (Andersson, 1999) . Fiber extracted from barods that take 2 to 3 d to perform and are labor intensive ley has potential in functional and fortified foods such (e.g., AOAC, 1992 , Englyst et al., 1982 . It would be beneas snack bars and beverages. Additional food uses of ficial in breeding programs to have a rapid method that barley in Japan include barley tea, shochu, miso, and would allow evaluating the fiber content of hundreds of as a rice extender. samples per day. Although to date the production of barley for human NIR spectroscopy is an analytical technique that is food has been minor, the fact that some cultivars contain rapid, requires very little labor once a calibration is considerable quantities of fiber, particularly soluble fiobtained, and does not require chemicals or, therefore, ber, present primarily in the form of ␤-glucan (Fincher, create chemical waste. The technique has extensive ap-1975), makes barley of greater interest as a source of plication for the analysis of constituents of agricultural dietary fiber. High dietary fiber intake, particularly of crops, feeds, and foods (Williams and Norris, 1987, 2001; Marten et al., 1989; Osborne et al., 1993; Roberts et al., 2004) . Previous work has demonstrated the potential of 945.15, AOAC, 1990) . Total dietary fiber was expressed on a 1984; Williams et al., 1991; Kays et al., 1996 Kays et al., , 1998 ; Archidry weight basis.
bald and Kays, 2000; Kays and Barton, 2002) . NIR spectroscopy has also been investigated as a tool for the Calibration Development evaluation of barley protein and moisture content and for the quality evaluation of malt (Henry, 1985; Angelino, total dietary fiber in barley. An earlier study published in the Japanese language (Shimizu et al., 2002) described
RESULTS AND DISCUSSION
the development of a transmission calibration for total dietary fiber using a limited number of barley samples.
The overall range of total dietary in the cultivars tested The current study expands the calibration and investiwas from 57.6 to 197.1 g kg Ϫ1 on a dry weight basis gates the potential of both NIR transmission and reflec-( Table 1 ). The range of total dietary fiber was wide for tance spectroscopy for the screening of breeding lines both the hulled and hull-less cultivars with no significant of hulled and hull-less barley for total dietary fiber condifference in the overall means between hulled and hulltent (TDF).
less cultivars used in the study (Students t test, p Ͼ 0.05); thus, the genetic diversity in dietary fiber content is high for both hulled and hull-less barley. The standard MATERIALS AND METHODS error of the laboratory determinations (pooled standard Samples and Sample Preparation error of repeatability) of the enzymatic-gravimetric Hulled (n ϭ 24) and hull-less (n ϭ 32) samples of barley method for total dietary fiber determination across barwere obtained from the National Agricultural Research Cenley cultivars was 3.7 g kg Ϫ1 (ASTM, 1995).
ter, Western Region, Zentsuji City, Kagawa Prefecture, Japan,
The NIR spectra obtained were typical of barley samand spanned harvests from 1995 through 1999. Grains were ples and cereal grains in general (data not shown; Wilpolished with a Satake Grain Testing Mill TM-5 (Satake Co.
liams and Norris, 1987). For polished barley, using the Ltd., Hiroshima, Japan) to 40% weight loss for hull-less barley Grainspec Rice Analyzer (850-1048 nm) a NIR calibraand 45% weight loss for hulled barley. Subsamples of polished tion for the prediction of total dietary fiber was develbarley were ground to Ͻ500 m in a Retche Ultracentifuge oped using a multiplicative scatter correction, to reduce Mill (Germany) before reflectance measurements and TDF particle size effects, and modified PLS regression. The analysis.
number of factors in the model, determined by cross validation, was seven ( Fig. 1) , and the SECV and multiSpectroscopic Analysis ple coefficient of determination were 10.4 g TDF kg
Ϫ1
Polished barley samples were scanned in triplicate with a and 0.82, respectively ( developed with k (Ͼ3) variables, then the calibration set should contain a minimum of 6k spectra after elimination of outliers" (ASTM, 1995) . For seven factors, as used in the current models, a minimum of 42 samples is required; thus, the number of factors is reasonable given the size of the calibration set. A NIR calibration for prediction of total dietary fiber was developed for ground barley samples and scanned with the NIRSystems 6500 in reflectance mode. Using the wavelength range of 1104 to 2494 nm and spectra processed with a multiplicative scatter correction and second derivative, a modified PLS regression calibration was obtained with seven PLS factors (Fig. 1) . The SECV and multiple coefficient of determination for the model of each wavelength to a constituent and can indicate which wavelengths are important in development of a model. Examination of the first PLS loading for the band at 2268 nm, in the aliphatic C-H band at 2310, and protein band at 2058, indicating that these regions model showed high variation in absorption in regions of the spectrum associated with O-H groups in water were important in model development. This result is similar to the loadings for the calibration for total diat 1416 and 1908 nm, C-H groups in the carbohydrate , 1996) .
The model for TDF, developed with the ground samor progeny and requires less sample preparation time. The reduced accuracy of the transmission method may ples and reflectance spectra, was more precise than that developed with the intact samples and transmission be due, in part, to lower penetration of light into the intact barley and a narrower wavelength range with less spectra. Transmission measurements have very little scatter and typically have higher precision than reflecinformation available for dietary fiber analysis in the wavelength region used. tance measurements. However, when the standard errors are higher for transmittance measurements, it is usually because less information is available because ACKNOWLEDGMENTS of a limited wavelength range. The PLS loadings most
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highly correlated to dietary fiber prediction in ground Masaya Fugita, Naoyuki Ishikawa, and Syunsuke Oda for samples in previous studies (Kays et al., 1996 (Kays et al., , 1998 study. In addition, there may be less penetration of light into intact rather than ground samples. In fact, reduced REFERENCES precision was also observed in a study to predict TDF by NIR in intact versus ground processed cereal products AACC. 2000. Near-infrared methods-Guidelines for model development and maintenance. AACC Method 39-00, American Associausing NIR reflectance spectra (Kays et al., 1996 ; Archi- pendent validation samples, were 15 (range Ͻ 10-440) g AOAC. 1990 . Moisture in cereal adjuncts; air oven method (103-104Њ).
TDF kg
Ϫ1 and 0.99, respectively (Kays et al., 1996) . The mission spectroscopy of polished barley grains is less
